There are several reasons why industrial engineers need to optimize process layout designs. This paper points out the justification and discusses the qualitative and quantitative techniques involved in the determination of an optimal process layout for a pilot alkyd resin and its end products manufacturing system. It also spotlights practical decisions required for achieving optimality in the design process. It is the belief of the authors that with some improvements on the final layout, our proposed layout will be a ballpark of eco-factory moored on green manufacturing.
The World Bank has been laying emphasis on the establishment of small scale enterprises as vehicle for economic growth and development in Africa. These small enterprises often lack funds to establish and operate large plants. They also experience the technical problem of getting machines, preferable from technical partners overseas, to produce alkyd resin and end products, manufacturable from the alkyd resin feedstock. The problem in the continent therefore resolves into the development of the capacity to design and implement small machines, equipment and necessary facilities to manufacture alkyd resin and the associated slate of surface coatings. In other words, it is a decision problem bordering on domestic engineering initiative. And having triumphed over this, it is instructive to design a process layout that can enhance efficient implementation of the production system.
The literature on process layout design is replete with articles on various approaches to the design of a process layout for large and small-scale undertakings. For example Riis [1] , as well as Gouzhu and Riis [2] proposed methods for developing an integrated process design for modern plant layout that can furnish optimum production. They emphasized that plant layout design should be viewed in the context of the whole production system. Moore [3] proposed computer aided plant layout design and Carrie [4] pointed out several limitations associated with computer aided layout design and made suggestions on how to improve its use. Ostresh [5] , Love and Morris [6] , Love and Juel [7] , Christofides and viola [8] all discussed the application algorithms to the optimization of process layout design. Francis and White [9] , Rosenblatt [10] as well as Dutta and Sahu [11] advocated an integrated approach to multicriteria facility layout problem. Emerging techniques for process layout design have been developed; see for example : Saad and Lassila [12] , Krishnan et al [13] and, Deb and Bhattacharyya [14] . Most of the works cited above have only theoretical values and perhaps their practicality has not been demonstrated. The aim of this paper is to develop an optimal process layout for a gamut of machines, equipment and facilities, that are destined for the processing of rubber seed for its oil and the eventual use of it, as well as the resulting waste, for the manufacture of a slate of products, as for example, wood varnish, printing ink, paints, fingernail varnish, evostic adhesive, stencil correction fluid, livestock feed, laundry soap, liquid soap, detergents, fat liquer, plasticizer and so forth. The proposed layout could be adaptable for manufacturing the main raw material feedstock (alkyd resin) and one or two of the end-use products itemized above. Fig 1 depicts the block diagram describing the various machines, equipment and facilities associated with such a production system and the major focus is how to optimally organize this system for efficient production.
Methodology
This aspect involves plant visits to some selected industries to understudy the existing layouts and assess the trip frequency between adjacent and non-adjacent departments. Various processes were also studied to understand the ergonomic implications to human capabilities and limitations. The main industrial tools employed included; From-to-Chart, Rel Chart, activity arrangement diagram and the floor plan.
The first stage of the process layout design entailed the development of the flow diagram showing the number of the trips per day of a would-be operator (Fig.1 ).
Fig.1: Flow Diagram Showing Number of Trips per Day of Operator
Next the From-to-Matrix was developed from Fig.1 making use of the envisaged composite movement articulated above. The initial process layout was configured and several iterations were undertaken in order to eliminate non-adjacent arrangements, and hence achieved an optimal layout.
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Advances in Materials and Systems Technologies Rel Chart was developed making use of closeness rating and reason rating. Relying on the subjective judgement achieved through application of Rel Chart, the Diamond grid diagram was developed. All this enabled us to establish an activity arrangement diagram. In this visual representation of machines, they were arranged according to the combined closeness ratings and reasons for closeness, without indicating area requirements. In this diagram number of lines between machines stands for flow volume. For instance, four lines corresponds to an A rating on the Rel Chart. Distances between circles are set according to desired degree of closeness as much as possible. Next the space activity diagram was then developed specifying the plan space for individual machines. This last task enabled the analyst to establish appropriate workspace and associated gangways for the block plan. Finally a floor plan for the factory was then established. Fig. 2 , which is the From-to-Matrix, was developed from Fig.1 .
Results
Arising from the above, the initial process layout or grid diagram depicted in Table 1 and Fig. 6 show the Rel Chart and Diamond grid employed in the evaluation of the process layout. 
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Discussion
In the course of the analysis we spotlighted several techniques for placement of machines and other equipment of a production system, in order to promote flow of people and material. The overall procedure entailed assigning space within the production plant and arranging equipment within their assigned spaces. In particular, we saw that the final layout developed, Figs 6,7,8 and 9 are demonstrative even without demonstration (apodictic) in the sense that the charts used employed logic and visual representation of information in a rather parsimoniously codified manner. In particular, the final layout, Fig 9, appears to furnish person-centricity because of the following features that unfold: it effectively allows people to use machines to process materials; it requires a minimum movement of people and machines; it provides for the sequential flow of materials as they move through processing steps; it gives workers a safe work environment that meets Occupational Safety and Health Administration (OSHA) standards; and finally it is flexible and easily changed. In finality, the analysis in the study has helped to clarify thinking about the application of person-centred considerations in the design of facility layout. Perhaps the most significant lesson to be learned from this study is that the most common approach in developing a process layout is to arrange workstations consisting of like processes, in a way that optimizes their relative placement. And by optimal placement, it is meant placing workstations with amounts of inter-station traffic adjacent to one another.
